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In the statement of the rejection, the Examiner observed a lack of literal 
antecedent bases support for the claim limitation "removing the photoresist mask". This 
rejection is traversed. 

Claim 14 has been amended to provide the step of forming a photoresist mask, 
thereby providing antecedent bases for the removal of the photoresist mask. Applicants, 
therefore, submit that the imposed rejection under the second paragraph of 35 U.S.C. 
§112 has been overcome and, hence, solicit withdrawal thereof 

In the third enimierated paragraph on page 2 of the June 17, 2002 Office Action, 
the Examiner requested that the status of copending application mentioned in the 
specification be updated. In response, the status of the mentioned copending applications 
has been updated. 

Claims 1 through 3, 5 through 14 and 16 through 20 were rejected under 35 
U.S.C, §103 for obviousness predicated upon You et al. in view of the acknowledged 
prior art. 

This rejection is traversed. 

The reference to You et al. issued on May 22, 2001 on an application filed July 7, 
1999. However, the present application was filed on February 4, 2000, prior to the 
issuance date of You et al. Ergo, the reference to You et al. finds its way into the prior 
art by virtue of 35 U.S.C. §102(e). 

According to 35 U.S.C. §103(c), subject matter developed by another person 
which qualifies as prior art under 35 U.S.C. § 102(e) shall not preclude patentability under 
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35 U.S.C. §103 if the subject in the claimed invention were, at the time the invention was 
made, owned by the same person or subject to an obligation of Assignment to the same 
person. The reference to You et al. was assigned to Advanced Micro Devices, Inc., 
(AMD) and, the claimed invention was assigned or subject to an obligation of 
Assignment to AMD at the time the claimed invention was made. Thus, the reference to 
You et al. and the claimed invention were , at the time the claimed was made, owned by 
the same person (AMD) or subject to an obligation of Assignment to the same person 
(AMD). 

Based upon the foregoing, Applicants submit that the reference to You et al. can 
not preclude patentability of the claimed invention under 35 U.S.C. §103. Without the 
reference to You et al., the imposed rejection falls. 

Based upon the foregoing, Applicants submit that the imposed rejection of claims 
1 through 3, 5 through 14 and 16 through 20 imder 35 U.S.C. §103 for obviousness 
predicated upon You et al. in view of the acknowledged prior art is not factually or 
legally viable and, hence, solicit withdrawal thereof. 

Adverting the sixth enumerated paragraph on page 4 of the Jime 17, 2002 Office 
Action, Applicants would stress that "Exhibit A" containing U.S. Patent No. 6,433,143 
was submitted as evidence of nonobviousness. Applicants would note the Examiner is 
not free to ignore any objective evidence of nonobiousness made of record. Stratoflex 
Inc. V. Aeroquip Corp., 713 F,2d 1530, 218 USPQ 871 (Fed Cir 1983). 
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It should, therefore, be apparent that the imposed rejections have been overcome 
and that all pending claims are in condition for immediate allowance. Favorable 
consideration is, therefore, respectfully solicited. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is 
hereby made. Please charge any shortage in fees due in connection with the filing of this 
paper, including extension of time fees, to Deposit Account 500417 and please credit any 
excess fees to such deposit account. 



600 13"^ Street, N.W. 
Washington, DC 20005-3096 
(202)756-8000 AJS:ntb 
Facsimile: (202)756-8087 
Date: September 17, 2002 



Respectfully submitted, 




WILL & EMERY 
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APPENDIX 

IN THE CLAIMS: 

Claim 14 now read as follows. 

14. (Amended) A method of manufacturing a semiconductor device, the 
method comprising: 

depositing a layer of dielectric material, having an as-deposited dielectric constant 
no greater than about 3, over a conductive region or conductive feature; 

forming a photoresist mask on the layer of dielectric material; 

forming a through-hole in the dielectric layer exposing the upper surface of the 
conductive region or conductive feature; and 

removing the photoresist mask and cleaning the through-hole with a plasma 
containing carbon tetrafluoride (CF4) and water vapor (H2O) such that the dielectric 
constant of the dielectric layer does not increase more than about 15%. 



WDC99 652296-1 .052352.0372 



6 




US006133143A 



United States Patent [i9] [h] Patent Number: 6,133,143 

Lin et al. [45] Date of Patent: Oct. 17, 2000 



[54] METHOD OF MANUFACTURING 
INTERCONNECT 

[75] Inventors: Jy-Hwang Lin, Kaohsiung; 

Ching-Hsing Hsieh, Pingtung Hsien; 
Yueh-Feng Ho, Hsinchu Hsien; 
Chia-Chieh Yu, Taipei Hsien, all of 
Taiwan 

[73] Assignees: United Semiconductor Corp.; United 
Microelectronics Corp., both of 
Hsinchu, Taiwan 

[21] Appl. No.: 09/340,928 
[22] Filed: Jun, 28, 1999 

[51] Int. CI.' HOIL 21/4763 

[52] U.S. CI 438/627; 438/648; 438/677; 

438/725 

[58] Field of Search 438/627, 628, 

438/641, 648, 653, 654, 655, 677, 680, 

725 

[56] References Cited 

U.S. PATENT DOCUMENTS 



5,599,739 2/1997 Merchant et al 438/653 

5,643,642 7/1997 Lo 427/250 

5,874,360 2/1999 Wyborn et al 438/680 

5,895,265 4/1999 Inoue et al 438/643 



OTHER PUBLICAnONS 

Fujimura, et al, "Resist Stripping in an 02 + H20 plasma 
downstream," J. Vacuum Science & Technology B, vol. 9, 
No. 2, Pt. 1, Mar.//4)r. 1991, pp. 357-361. 



Fujimura et al., "Resist stripping in an 02 + H20 plasma 
downstream", J. Vacuum Science & Technology B, vol. 9, 
No, 2, Pt. 1, the abstract. Mar. 1991. 

Primary Examiner — T. N. Quach 

Attorney, Agent, or Firm — Thomas, Kayden, Horstemeyer 
& Risley 

[57] ABSTRACT 

The invention provides a method of manufacturing a metal 
interconnect. A substrate having a metal line formed thereon 
is provided. An anti-reflection layer is formed on the metal 
line. A dielectric layer with a relatively low dielectric 
constant is formed over the substrate. Apattemed photore- 
sist layer is formed on the dielectric layer. The patterned 
photoresist layer has an opening exposing a portion of the 
dielectric layer. The portion of the dielectric layer exposed 
by the opening is removed to form a via hole. The patterned 
photoresist layer is removed by an O^ — H2O — CF4 plasma. 
The pressure of the O2 — ^H^G — CF4 plasma is about 
800-1000 torr. A cleaning process is performed by a post- 
stripper rinse solution and de-ionized water without using an 
acetone solution. A barrier layer is formed over the substrate 
by chemical vapor deposition. A metal nucleation is per- 
formed for a long time by chemical vapor deposition to form 
metal nuclei on the barrier layer. A metal layer is formed to 
fill the via hole by chemical vapor deposition. 

U Claims, 4 Drawing Sheets 
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FIG. 1A (PRIOR ART) 




FIG. IB (PRIOR ART) 

114-^ ^116 




FIG. 1C (PRIOR ART) 



U.S. Patent oct.17,2000 sheet 2 of 4 6,133,143 




FIG. 2B 



U.S. Patent ocli7,2«oo sheet 3 of 4 6,133,143 




FIG. 2D 




FIG. 2F 



6,i: 

1 

METHOD OF MANUFACTURING 
INTERCONNECT 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a method of manufactur- 
ing multilevel interconnects. More particularly, the present 
invention relates to a method of manufacturing a via plug. 

2. Description of Related Art 

In the semiconductor manufaauring process, the devices 
are connected to each other through the metal interconnects. 
Generally, an inter-metal dielectric (IMD) layer is used to 
electrically isolate two adjacent metal layers from each 
other. Moreover, a conductive layer used to electrically 
connect the two adjacent metal layers is called a via plug in 
the semiconductor industry. The location in the metal layer 
xised to connect to the via plug has an allowance border to 
make sure that the via plug can t>e completely located on the 
surface of the metal layer, in what is known as a landed via 
plug. 

When the design rules becomes small, there is no allow- 
ance border at the location in the metal layer used to coimect 
to the via plug to increase the integration. This is known as 
a borderless stmcture. But the borderless via plug manufac- 
turing process is relatively difficult. When misalignment 
occurs, the via plug may not be completely located on the 
metal layer, which is called an unlanded via plug. 

In order to increase the operation eflScacy of the devices 
and decrease the resistance-capacitance time delay effect, a 
new orientation forms a dielectric layer with a relatively low 
dielectric constant between the metal layers. However, a via 
plug formed in the dielectric layer with a relatively low 
dielectric constant leads to several problems, especially 
when misalignment occurs. 

FIGS. lA through IC are schematic, cross-sectional views 
of the conventional process for manufacturing a via plug 
made of dielectric material with a low dielectric constant. 

As shown in FIG. lA, an oxide layer 104 is formed on a 
stibstrate 100 including metal lines 102. In order to obtain an 
even surface, a dielectric material 106 with a low dielectric 
constant is formed to fill gaps 107 between the metal lines 
102. An oxide layer 108 is deposited over the substrate 100 
to form a sandwich-structure dielectric layer. 

As shown in FIG. IB, a patterned photoresist layer 110 is 
formed on the oxide layer 108. The oxide layer 108 is 
pattemed to form a via hole 112 while using the patterned 
photoresist layer 110 as an etching mask. 

As shown in FIG. IC, the photoresist layer 110 is stripped 
by oxygen plasma. A cleaning process is performed to 
remove the remaining photoresist layer and the manufactur- 
ing process by-product by acetone solution, post-stripper 
rinse solution and de-ionized water. The via hole 112 is filled 
with metal layer 114 to finish the via plug manufacturing 
process. 

In order to form the via holes with different depths, it is 
common to perform over-etching process during the forma- 
tion of the via hole 112 in the oxide layer 108. However, the 
etching rate of the dielectric layer 106 with a low dielectric 
constant is larger than that of the oxide layer 108. Therefore, 
the via hole 112 exposes and may penetrate the dielectric 
material 106, even to the point of penetrating through the via 
hole 112 when the misalignment occurs. The Si — ^H bonds of 
the dielectric material 106 exposed by the misalignment via 
hole are oxidized into the Si — OH bonds in the subsequent 
processes of removing the photoresist layer 110 and the 
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cleaning process. The vapor is produced from the Si — OH 
bonds by filling the via hole 112 with the metal layer 114 at 
a high temperature, so that it is diflScult to till the via hole 
112 with the metal layer 114 and the step coverage of the 
5 metal layer 114 in the via hole 112 is worse. Both the 
keyhole 116 and the poisoned via plug occur due to the 
formation of the vapor. 

SUMMARY OF THE INVENTION 
The invention provides a method of manufacturing a 

^° metal interconnect, A substrate having a metal line formed 
thereon is provided. An anti-reflection layer is formed on the 
metal line. A dielectric layer with a relatively low dielectric 
constant is formed over the substrate. A patterned photore- 
sist layer is formed on the dielectric layer. The patterned 

15 photoresist layer has an opening exposing a portion of the 
dielectric layer. The portion of the dielectric layer exposed 
by the opening is removed to form a via hole. The pattemed 
photoresist layer is removed by an O2 — H2O — CF4 plasma. 
The pressure of the O2— H2O — CF4 plasma is about 

20 800-1000 torr. A cleaning process is performed by a post- 
stripper rinse solution and de-ionized water without using an 
acetone solution. A barrier layer is formed over the substrate 
by chemical vapor deposition. A metal nucleation is per- 
formed to form metal nuclei on the barrier layer for a long 

25 time by chemical vapor deposition. A metal layer is formed 
to fill the via hole by chemical vapor deposition. 

The invention provides a via plug metallization process. 
A substrate having a dielectric layer formed thereon is 
provided. The dielectric layer has a via hole formed therein. 

30 A barrier layer is formed over the substrate by chemical 
vapor deposition. A metal nucleation is performed for a long 
time by chemical vapor deposition to form metal nuclei on 
the barrier layer. A metal layer is formed to fill the via hole 
by chemical vapor deposition. 

35 In the invention, the ARC is used as an etching stop layer 
during the formation of the via holes and the over-etching 
process is performed for a short time to completely open the 
via holes. Therefore, the dielectric layer with a relatively low 
dielectric constant will not be penetrated through by the via 

40 hole when misalignment occurs. Hence, the poor step cov- 
erage and the electrical problems caused by the penetrated 
via hole can be avoided. Additionally, the patterned photo- 
resist layer is removed by the O2 — HjO — CF4 plasma with 
a relatively low pressure of about 800-1000 torr, so that the 

45 probability that the Si — ^H bonds are oxidized into Si — OH 
bonds is decreased. Therefore, the poisoned via plug can be 
avoided. Moreover, the probabihty of removing the poly- 
mers produced during the etching procedure is increased, the 
rate of removing the photoresist layer can be decreased and 

50 the duration of photoresist layer removal is extended, so that 
the probability of removing the polymers produced during 
the etching procedure is increased. Furthermore, after the 
pattemed photoresist layer is removed, very little polymer 
remains over the substrate, so that the cleaning process is 

55 performed without using acetone solution after the pattemed 
photoresist layer is removed. Therefore, the poisoned via 
plug in the subsequent process caused by the cleaning 
solution for removing polymer can be prevented. 
Incidentally, in the metallization process, since the duration 

60 of the metal nucleation process in the invention is longer 
than that of the conventional metal nucleation process, the 
metal nuclei are finely and uniformly formed on the barrier/ 
adhesion layer. Therefore, the step coverage ability of the 
siibsequently formed tungsten layer is improved and the 

65 keyhole will not occur. 

It is to be understood that both the foregoing general 
description and the following detailed description are 
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exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 5 
further understanding of the invention, and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the inven- 
tion. In the drawings, lo 

FIGS. lA through IC are schematic, cross-sectional views 
of the conventional process for manufacturing a via plug 
made of dielectric material with a low dielectric constant; 
and 

FIGS. 2A through 2F are schematic, cross-sectional views 
of the process for manufacturing a metal interconnect. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 2 A through 2F are schematic, cross-sectional views 
of the process for manufacturing a metal interconnect. 

As shown in FIG. 2A, a substrate 200 having metal lines 
202 formed thereon is provided. The material of the metal 
lines 202 can be aluminum, aluminum-copper alloy or 
copper, for example. In order to avoid the photolithography 
problems caused by the reflection from the metal during the 
patterning process used to form the metal lines 202, it is 
usual to cover the metal line 202 with an anti-reflection layer 
(ARQ 204 to decrease the reflection abihty of the metal. 
The ARC 204 can be formed from titanium or titanium/ 
titanium nitride by chemical vapor deposition (CVD) or 
sputtering, for example. 

As shown in FIG. 2B, a dielectric layer 206 is formed over 
the substrate 200. The dielectric layer 206 has relatively low 35 
dielectric constant. The material of the dielectric layer 206 
can be spin-on glass (SOG) with a relatively low dielectric 
constant such as hydrogen silsesquioxane (HSQ). 
Preferably, the method of forming the dielectric layer 206 
comprises forming a silicon-rich oxide 208 over the sub- 40 
strate 200 by CVD, coating a dielectric layer 210 with a 
relatively low dielectric constant, such as SOG, over the 
substrate 200 to fill gaps 212 between the metal lines 202, 
forming a doped oxide layer 214 over the substrate 200, 
forming an oxide layer 216 over the substrate 200 by 45 
plasma-enhanced chemical vapor deposition (PECVD), and 
then performing a planarizing process on the oxide layer 
216. The planarizing process can be chemical-mechanical 
polishing (CMP), for example. 

A patterned photoresist layer 218 having an opening 220 50 
is formed on the dielectric layer 206. A portion of the 
dielectric layer 206 exposed by the opening 220 is a prede- 
termined location for a via hole formed subsequently and it 
aligns with the metal line 202. 

As shown in FIG. 2C, the portion of the dielectric layer 55 
206 exposed by the opening 220 is removed to form a via 
hole 222. The method for removing the portion of the 
dielectric layer 206 can be anisotropic etching, for example. 
Preferably, the method of removing the portion of the 
dielectric layer 206 comprises adjusting the component of 60 
the etching gas until the etching selective ratio of ARC 204 
to dielectric layer 206 is relatively low, and then performing 
an over-etching process by using the ARC 204 as an etching 
stop layer to finish the formation of the via holes 222 with 
different depths. AdditionaUy, the gas source used in the 65 
anisotropic etching is a fluorine-containing gas such as CF4, 
CHaF, CjFe and CgFg. 



In the invention, the ARC 204 is used as an etching stop 
layer (luring the formation of the via holes 222, so that the 
over-etching can be performed in a short time to form the via 
holes 222 with different depths when misalignment occurs. 
Hence, the worse metal step coverage and the electrical 
problems caused by the penetration of the via holes 222 can 
be avoided. 

As shown in FIG. 2D, the patterned photoresist layer 218 
is removed by the O^ — HjO— CF4 plasma with low pres- 
sure. The pressure of the O^ — H2O--CF4 plasma is about 
800-1000 millitorr. Since the O^— H2O— CF4 plasma is 
used instead of the conventional Oj plasma and the pressure 
of the O2 — HjO — CF4 plasma is relatively low, the prob- 
ability that the Si — H bonds are oxidized into Si — OH bonds 
is decreased. Therefore, the poisoned via plug can be 
avoided. Moreover, the rate of removing the photoresist 
layer can be decreased and the duration of photoresist layer 
removal is extended, so that the probability of removing the 
polymers produced during the etching procedure is 
increased. 

After that, a cleaning process is performed. In the 
invention, the solution used to perform the cleaning process 
only includes post-stripper rinse solution, such as 
N-Methylpyrolidone (NMP), and de-ionized water. Since 
the patterned photoresist layer 218 is removed by the 
O2 — — CF4 plasma with a relatively low pressure, very 
little polymer remains over the substrate 200. Therefore, the 
cleaning process is performed without acetone solution after 
the pattemed photoresist layer 218 is removed by the 
O2 — ^HjO — CF4 plasma with a relatively low pressure. 
Hence, the cleaning goal can be achieved and the poisoned 
via plug in the subsequent process caused by the cleaning 
solution for removing polymer can be prevented. 

As shown in FIG. 2E, a via plug metallization process is 
performed. In this example, a barrier/adhesion layer 224 is 
formed over the substrate 200 and on the sidewall and the 
bottom of the via hole 222. The barrier/adhesion layer 224 
is used to increase the adhesion between the dielectric layer 
206 and the metal layer subsequently formed in the via hole 
222 and to prevent the devices from developing reliability 
problems caused by the diffusion of the metal atoms from 
the metal layer subsequently formed in the via hole 222 to 
the dielectric layer 206. The material of the barrier/adhesion 
layer 224 can be titanium or titanium/titanium nitride, for 
example. In order to improve the step coverage ability, the 
method of forming the barrier/adhesion layer 224 can be 
chemical vapor deposition, for example. 

After that, a metal layer 226 is formed over the substrate 
200 and fills the via hole 222. The material of the metal layer 
226 can be tungsten, for example. Preferably, the method of 
forming the metal layer 226 comprises performing a metal 
nucleation process on the barrier/adhesion layer 224 through 
CVD for a long time, and then forming the metal layer 226 
over the substrate 200 to fiU the via hole 222 by CVD. 
Taking mngsten as an example, in the metallization process, 
the tungsten nucleation is performed for about 1.5-2 
minutes, and then a tungsten layer is formed to fill the via 
hole 222. Since the duration of the tungsten nucleation 
process in the invention is longer than that of the conven- 
tional timgsten nucleation process, the tungsten nuclei are 
finely and imiformly formed on the titanium/titanium nitride 
barrier/adhesion layer. Therefore, the step coverage ability 
of the subsequently formed tungsten layer is improved and 
the keyhole will not occur. 

As shown in FIG. 2F, a portion of the metal layer 226 is 
removed until the surface of the barrier/adhesion layer 224 
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is exposed. The remaining metal layer 226 in the via hole forming a patterned photoresist layer on the dielectric 

222 is used as a via plug. The method of removing the layer, wherein the patterned photoresist layer has an 

portion of the metal layer 226 can be etching back with the opening exposing a portion of the dielectric layer; 

barrier/adhesion layer 224 serving as an etching stop layer or removing the portion of the dielectric layer exposed by 

CMP with the barrier/adhesion layer 224 serving as a 5 the opening to form a via hole; 

polishing stop layer, for example. removing the patterned photoresist layer by an 

Altogether, the invention provides the following advan- 02—H20—C;F4 plasma pressurized at about 800-1000 

tages: torr; 

1. In the invention, the ARC is used as an etching stop performing a cleaning process with a post-stripper rinse 
layer during the formation of the via holes and the ^1"^'°° and de-ionized water; 

over-etching process is performed for a short time to forming a barrier layer over the substrate by chemical 

completely open the via holes. Therefore, the dielectric ^^P^*" deposition; 

layer with a relatively low dielectric constant will not performing a meUl nucleation by chemical vapor depo- 

be penetrated through by the via hole. Hence, the poor ^ ^ plurality of metal nuclei on the barrier 

step coverage and the electrical problems caused by the layer; and 

penetrated via hole can be avoided. forming a metal layer to fill the via hole by chemical 

2. In the invention, the patterned photoresist layer is ^^P^*" ^^eposition. 

removed by the Oj— H^O— CF^ plasma with a rela- ^* °^ ^^^"^ wherein the step of performing 

lively low pressure of about 800-1000 torn Therefore, cleanmg process only uses post-stripper rinse and 

the poisoned via plug can be avoided. Moreover, the de-iomzed water, without acetone, to reduce a probability of 

probability of removing the polymers produced during ^^T^^ ^^^^ formation. 

the etching procedure is increased. ^- method of clama 1, wherein the post-stripper rinse 

a Aft *u J 1. * • . 1 • J solution includes N-Methylpyrolidone. 

3. After the patterned phom layer js removed, very 4 j^^^ ^^(i,^ „f claim l. wherein the step of performing 
httle polymer .emams over the substrate, so that the ^ UiemetalnucleationincIudesformingapluralityVf tungsten 
cleanmg process IS performed without using acetone nuclei for 1.5-2 minutes. ^ ^ B 
solution after the patterned photoresist layer ^ S.lTic method of claim 4. wherein the metallayer is made 
removed. Therefore, the poisoned via plug in the sub- tunesten 

sequent process caused by the cleaning solution for g ^^^^ ^^^^ ^ ^^^^.^ ^^^^^ ^ 
removmg polymer can be prevented. 30 comprises a titanium layer and a titanium nitride layer. 

4. In the metallization process, smce the duration of the 7. The method of claim 1, wherein the step of removing 
metal nucleation process in the invention is longer than the portion of the dielectric layer exposed by the opening to 
that of the conventional metal nucleation process, the form the via hole uses an anti-reflection layer as an etching 
metal nuclei are finely and uniformly formed on the stop layer. 

barrier/adhesion layer. Therefore, the step coverage 35 8. The method of claim 1, wherein the dielectric layer is 

ability of the subsequently formed tungsten layer is made of hydrogen silsesquioxane. 

improved and the keyhole will not occur. 9. a method of removing a photoresist layer formed on a 

It will be apparent to those skilled in the art that various dielectric layer and used to form a via hole in the dielectric 

modifications and variations can be made to the structure of layer, the method comprising: 

the present invention without departing from the scope or 40 amoving the photoresist layer by an O^— H^O— CF4 

spiritofthe invention. Inviewofthe foregoing, itisintended pj^sma pressurized at about 800-1000 torr; and 

that the present invention cover modifications and variations performing a cleaning process with a post-stripper rinse 

or tnis mvention proyiaed tney^tall witnm tde scope ot tne solution and de-ionized water. 

fotowmg claims and their equivalents. y^^^ „f ^l^j^ p ^^^^^^ of perfomiing 

What is claimed is: 45 1 - 1 * * • • j 

^ ^ , J i. r . , . the cleanmg process only uses post-stripper rmse and 

1. A method of manufactunng a metal mterconnect, de-ionized water, without acetone, to reduce a probability of 

comprismg the steps of: S-_Ojj ^^^^ formation, 

providing a substrate havmg a metal Une formed thereon, u. The method of claim 10. wherein the post-stripper 

wherein an etching stop layer is formed on the metal rinse solution includes N-Methylpyrolidone. 

Une; 50 

forming a dielectric layer over the substrate; * * * ♦ * 



